114 studies of patients with advanced chronic kidney disease have the lowest rates of inpatient mortality, yet relatively few of these patients experience renal recovery [2, 3] . With regard to renal reserve, at present, we have no measures of renal reserve that are used in widespread clinical practice. However, the clinical importance of renal reserve is apparent: 2 patients with similar levels of estimated glomerular filtration rate may have very different levels of renal reserve and consequently have different potential for recovery after AKI [4] . Consequently, studies of novel therapies for recovery need to consider what group of patients may have enough reserve as well as underlying kidney function to benefit from therapy. This may depend in part on the proposed mechanism of action of a novel therapeutic. Along the same lines, clinical trial design must consider the number of patients anticipated to experience spontaneous recovery in the underlying study population, because this variable will impact the number of patients needed to treat to see benefit.
The next design consideration is when to treat patients with a novel therapy for renal recovery. One potential time point for treatment is as close to the injury as possible. Here, the hypothesis is that modifying the course of AKI may modify recovery. Specifically, we know from prior studies [5, 6] that patients who have more episodes of AKI or more severe episodes of AKI are more likely to experience de novo chronic kidney disease or chronic kidney disease progression. For ongoing and future studies of novel therapies for the treatment of AKI, this may mean considering extending follow-up time beyond the index hospitalization. Although such follow-up can be logistically challenging, it is cost-effective when considering the overall costs of such trials. Another potential time point is to treat patients after some measure of disease severity, for example, after patients start dialysis. This has the benefit of studying patients who have a similar severity of illness. Importantly, the time point for treatment is likely highly dependent on the nature of the proposed therapy itself and its proposed mechanism of action.
In terms of what therapies to consider, it is useful to consider conceptual models proposed for renal recovery [7] . It has been proposed that chronic kidney disease occurs as a result of failed differentiation and subsequent tubular atrophy after AKI. Either best supportive care or novel therapeutics currently in development may promote normal regeneration after AKI. For example, we have compelling data from prior studies of the acute respiratory distress syndrome (ARDS) that suggest best supportive care practices including low tidal volume ventilation have substantially reduced patient mortality over the past 15-20 years. In the first large ARDS Network clinical trial of low versus high tidal volumes, the mortality rate was 39.8% in the patients ventilated with high tidal volumes [8] . In the most recent ARDS Network clinical trial, the overall mortality rate was 22.7% [9] . This is despite the fact that over that same 15-year period, severity of illness in this patient population has increased; the mean APACHE (Acute Physiology and Chronic Health Evaluation) III score was 82 in the first trial and has increased to 91. This decrease in mortality is probably due to the use of low tidal volume ventilation as a standard therapy, as well as other best care practices that have been standardized, for example time to antibiotic therapy in patients with sepsis.
In terms of AKI, what best practices could be tested? First, we could consider the use of renal replacement therapy (RRT). In a companion paper, Schneider and Bagshaw [this issue] have considered the impact of a number of aspects of RRT on renal recovery, including the use of any versus no RRT, the timing of RRT, RRT modality, the selection of the dialysis membrane, and the selection of anticoagulation (specifically, the use of citrate anticoagulation). There has been much interest in the impact of RRT modality on renal recovery given the experimental observation that hypotension after AKI is associated with prolonged renal recovery. A large meta-analysis by Schneider et al. [10] suggested a benefit for continuous RRT over intermittent RRT for renal recovery. However, this meta-analysis is a composite of both observational studies and randomized clinical trial data, with the randomized trial data overall more neutral than the observational data. Furthermore, a large retrospective study of patients hospitalized at a single center suggested no benefit to renal recovery with continuous RRT and was not included in this meta-analysis [Liang and Kellum, pers. commun.]. Overall, it seems reasonable to include renal recovery and long-term outcomes in studies of RRT and in particular randomized clinical trials. However, the RRT population presents truly just the 'tip of the iceberg' of AKI and testing the impact of RRT on recovery will only be informative for a small proportion of the AKI population.
Furthermore, one of the challenges of these studies is understanding whether or not it is RRT itself or processes associated with RRT that matter for renal recovery. For example, one of the mechanisms that has been proposed for the impact of RRT modality on recovery is the association of intermittent RRT with hypotension, which may delay renal recovery. 115 dialysis treatments were complicated by hypotension [11] . Consequently, patients receiving intermittent RRT may experience more episodes of hypotension and this may be associated with delayed renal recovery, rather than the modality itself. Along the same lines, little is known about the impact of blood pressure control after AKI on recovery despite a number of animal studies suggesting that hypertension may occur after ischemia-reperfusion injury in animal models. However, a challenge to studying blood pressure control after AKI includes the fact that effect size may be small, and a very large study may be required. Thus, at present, best supportive care targets for blood pressure after AKI are unknown.
Another best practice to consider is fluid overload management. A number of studies have suggested that fluid overload is associated with adverse outcomes, including lack of renal recovery at 1 year [12] . Again, whether or not this is due to physiological effects of the fluid or due to the association of fluid with other diseases associated with poor outcomes, such as sepsis, is unknown at this time.
The impact of nutrition on AKI recovery is also unknown. Animal studies have suggested that caloric restriction after AKI is associated with a decreased rate of glomerulosclerosis and tubular atrophy [7] . However, in the human setting, getting sufficient calories and protein appears to be more of a challenge than administering too many calories. Furthermore, in other forms of criticalness, antioxidant and anti-inflammatory supplements have not been shown to be of benefit. Nonetheless, this is an important consideration since nutrition is provided to all patients in the hospital, and interventions here may not be expensive in and of themselves.
A commonsense best practice approach to promote renal recovery consists of early recognition of AKI, workup for reversible causes, avoidance of nephrotoxins, and close follow-up of patients with in-hospital AKI after discharge. Questions here remain about the intensity of follow-up and by whom follow-up should be performed for the most cost-effective approach. Finally, with regard to best practices, there are a number of risk factors for adverse short-term outcomes (e.g., mortality) from AKI where the association with long-term outcomes, including renal recovery, is unknown. These include oliguria, anemia, transfusion, and the timing of antimicrobial therapy. These could potentially be the subject of future studies as well.
Turning to potential novel therapies, presentations during this round table focused on a number biological pathways involved in renal recovery. Here, one of the challenges is to try to identify novel targets that may be modulated by existing molecules that have already undergone preclinical and clinical development. The potential 'repackaging' of approved agents for renal recovery is an attractive pathway for drug development as it may require less funds than identifying a novel compound from scratch and taking it fully through the clinical development pipeline (though still likely to be more expensive than a study of best practices). These novel therapies could impact a number of potential targets as shown in figure 1 .
An agent that may affect biological pathways reviewed during this round table is formoterol, a long-acting β-agonist approved for the treatment of asthma and chronic obstructive pulmonary disease. This molecule decreases ischemia-reperfusion injury in animal models and leads to accelerated renal recovery. Recently, Jesinkey et al. [13] suggested that the mechanism of action for formoterol in renal recovery is to improve mitochondrial function and decrease mitochondrial injury during AKI.
During this round table, Zager et al. [14] reviewed the use of atrasentan, a molecule that has gone through substantial preclinical development for the treatment of prostate cancer. In an animal model of ischemia-reperfusion injury, atrasentan had no impact on AKI, which was defined by short-term blood urea nitrogen and creatinine measurements. However, over a longer period atrasentan was associated with decreased renal fibrosis and atrophy. Further studies are needed to understand the impact of atrasentan on renal function at these longer time points. Nonetheless, atrasentan represents a compelling target for future studies since the molecule has been studied in humans previously. An appealing third class of novel therapeutics for AKI is cell-based therapy. Dr. Humphreys reviewed at length the potential role of mesenchymal stem cells in renal recovery at this round table conference. This includes their well-described anti-inflammatory effects as well as their effects on a number of endothelial and epithelial cell signaling pathways. In other models of epithelial injury, it has recently been shown that mesenchymal stem cells may directly transfer mitochondria to the injured epithelial cells via connexin-43 to restore normal cellular bioenergetics [15] . These cells have been used in over 2,000 humans for a variety of disease indications including graft-versus-host disease, Crohn's disease, acute myocardial infarction, and ARDS. There are ongoing phase 2 trials (AlloCure) to test whether or not these cells can prevent AKI after high-risk cardiopulmonary bypass surgery. With regard to their use as a novel therapy for renal recovery, the fact that these cells have multiple mechanisms of action makes them an attractive therapeutic agent. Potential challenges to the development of mesenchymal stem cell therapy include the fact that this therapy is relatively expensive and requires coordination with the bone marrow transplantation laboratory for administration. Advantages of this therapy include the fact that it appears to be well tolerated and has multiple mechanisms of potential action.
Finally, other molecules with potential novel mechanisms of therapy to consider include resveratrol, which may affect both apoptosis and hypoxia-inducible factor-1 signaling after AKI, and citrus pectins, which may decrease galectin expression and attenuate renal fibrosis after AKI. Again, studies of novel therapeutics should strongly favor agents that already have strong preclinical and clinical development programs.
In summary, this is an exciting time in the AKI world. We now have a better understanding of the long-term impact of AKI on chronic kidney disease and other patient outcomes, including mortality. Consequently, a major focus of the field has shifted to the impact of therapy on renal recovery. We have outlined here a number of aspects of best clinical practices as well as novel therapeutics that may be amenable to study in clinical trials to promote AKI recovery.
